Abstract-The increasing availability of miniaturized instruments able to collect, process, and share personal health information is a distinctive feature of new models of pervasive selfcare. However, pervasive care requires that such instruments can also accompany patients in places where their presence is not well accepted (e.g. school classrooms). In this study we focus on the invisible work necessary for such instruments to be available to the patient in those contexts. Drawing on experience acquired during research on the forms of management of type-l diabetes among children of school age, we show that pervasiveness is not an intrinsic property of technological instruments but is instead the performative result of action by spokespersons, negotiators and actuators. This finding invites reflection on the fact that pervasiveness is a temporary accomplishment realized through the construction of hybrid networks of norms, actions, technological instruments, and human actors.
INTRODUCTION
The significant attention paid to pervasive healthcare technologies is framed in a context of increasingly marked forms of delegation of self-monitoring and self-management activities from healthcare systems to the patients. The availability of miniaturized instruments able to collect, process, and share personal health information makes it possible to imagine scenarios in which the management of a person's health can come about in any place and at any time, with notable advantages for the chronically sick. To this end, research and development seek to reduce the barriers to the adoption of technologies by producing tools easier to use, less costly, and more closely integrated with other personal devices.
Such scenarios mechanically connect technical progress in the field of consumer health informatics to new prospects for everyday healthcare management. Notwithstanding such efforts, however, it is evident that scenarios envisaged in laboratories are rarely fully realized in real-life contexts. This paper concentrates on the semantic ambiguity of health care instruments once they become located outside their design contexts. We shall focus in particular on how technologies change their meanings when they cross organizational boundaries, and on the invisible work of re symbolization performed by patients, family members, and healthcare practitioners to render them acceptable in different These reflections stem from a five-year project aimed at developing personal health records [1] [2] [3] [4] and to test pervasive instruments for the management different chronic conditions (type-l diabetes, youth asthma, chronic heart failure). To illustrate our reflections in brief, in the present paper we will make explicit reference only to the case of type-l diabetes among children of school age. The study involved 10 families and it was conducted through the qualitative analysis (semi structured interviews) of the forms of personal health information management and the appropriation of the technological artefacts used in self-management.
II.

THE INVISIBLE WORK OF PATIENTS
As patients manage their conditions, they do not always resort to professionals in the first instance. People use over-the counter medications, ask friends for advice, help relatives in need, or just call in sick: doctors are consulted only in a relatively small number of cases. Patients significantly relieve doctors of some of their workload, facilitate their work, and coordinate the network of caregivers. Such activities constitute what has been termed "articulation work" [5] , the activities aimed at anticipating unintended contingencies and facing the unexpected, but which is nevertheless invisible and not represented in rationalized models of work.
Articulation work in healthcare has received significant attention starting from the studies by Anselm Strauss [5] and Susan Leigh Star [6, 7] . Since these concepts have entered research programmes, the most recent analyses have demonstrated that patients perform a central role in health information management. Studies show that people maintain files and keep track on information concerning their health [1, 8, 9] . These hidden activities serve to prepare for the encounter with healthcare personnel, to build a self-image as sick, facilitate the doctors' work, and coordinate carers. However, they are taken for granted by healthcare practitioners.
Patients also do invisible work in incorporating new technological instruments into the flow of everyday life. The designing of new technologies rests on the hope that the end users will automatically appreciate their benefits and will be motivated to use them. It is believed that a well-designed technology will support patients in all moments of their lives and probably in all the places where these develop, according to a geography of responsibilities assigned by the designer of the technologies [10] . Empirical observation evidences that the adoption of new technologies requires significant articulation work [5] , especially in domestic contexts where patients feel themselves primarily responsible for their care. In their homes they perform numerous actions not anticipated by, and not visible to, the healthcare system but which nevertheless have the intensity of outright management [8] . Some researchers, indeed, have conjectured that it is possible to draw up a balance between recognized work and invisible work, especially when it is performed within private life settings [11, 12] . Finally, other studies [1, 8] have shown that the action model adopted by patients is the outcome of a hybrid network comprising their different life-settings and the relationships that connect their choices with the surrounding environment.
Analysis of invisible work shows the complexities involved when new technologies are adopted, and it serves to promote their correct evaluation [7, 13, 14] . Invisible work is particularly interesting when undertaken to make a brand-new technology, which requires at least an idea of the practices that it is intended to support/replace and the context in which these practices are performed -with particular regard to the physical places in homes dedicated to health management and the particular networks that technologies help to support [1] . In the case of chronic diseases this complexity is heightened because the patients do not only travel between home and hospital, with the consequences just described. Difficulties may also arise when the patients are at school, on a journey, at work, or on holiday and must continue to use devices designed for a healthcare setting and according to a healthcare logic [15] .
Other studies have termed these different ways to configure devices a 'technogeography of care', a network of places presupposing a diversity of contexts and meanings conveyed by the assistive technologies themselves [16] . Hence, once the technologies have been introduced, they generate unintended and unpredictable forms of work redistribution among medical personnel [17, 18] but also between doctors and patients [19] .
As a consequence, supporting invisible articulation work requires specific studies which follow subjects and describe their practices in the manifold contexts of use, paying attention to the strategies with which care is made possible despite the limitations imposed by the context.
III.
SPOKESPERSONS, NEGOTIATORS, ACTUATORS. THE INVISIBLE WORKERS OF PERVASIVE HEALTHC ARE
The onset of a chronic disease requires patients to familiarize themselves with new objects that will accompany The scope of the spokeperson's action cannot be defined a priori because it depends on responses by the contexts in which the patient's everyday routine takes place, and which react in unpredictable ways. In one case, the parents of a diabetic child had been able on their own to make the teachers at his nursery school understand his needs without having to summon the doctor. Unexpectedly, the problem arose with another organization, which managed the child's transport to school.
I know about a boy who they wanted to stop using the school bus to go to nursery school because he's diabetic. The association's doctor had to go and explain and reassure everybody. They almost wanted not to accept a child like that.
The interpretative ambiguities on the meaning of instruments do not necessarily arise in organizational contexts alone; they may also do so within the family, as testified by the unpredictable reaction of the brother of a young diabetic girl.
We've had some problems with her little brother. At home he was very good. but at school he misbehaved and kept on talking about diabetes. He thought that his sister was taking drugs. The doctor had a talk with him to solve the problem .. There was a shelf with aflap closed with a padlock, where we put her satchel. When she needed to use the finger stick, she asked the teacher and went to get her satchel.
In this case one negotiator (the father) was able to have the glucometer admitted into the nursery school and to have the child's capacity to use it autonomously recognized. In exchange, he accepted that the device would not be with the girl in the classroom but instead be kept in a space controlled by the teachers (the other negotiator). As this example shows, healthcare technologies are not intrinsically pervasive; rather, they become so in relation to their acceptability in the contexts of use imagined in the laboratory.
The importance of the negotiators is testified by cases in which he/she fails to find a compromise between the different exigencies of the patient and the organization. In this case, ensuring that the patient has access to his/her health care management instruments may require a drastic solution.
There was a problem {with using the glucometer in class}, but it was due to a specific teacher. So we changed her section.
C. Actuators
Pervasive technologies do not act automatically; they often have be set and manoeuvred by competent people. The level of competence, however, is not defined once and for all, but instead depends on the context. A child who enjoys the 296 confidence of his/her parents in use of a glucometer may not be considered capable of doing so by the teachers, who may require that others handle the device in the school. In this case, care is made pervasive by identifying a person who is given the task of activating the instrument in the stead of the patient when s/he is unable or unauthorized to do so personally. We shall refer to this person as an 'actuator', borrowing the term from engineering, where it denotes a mechanism operated by a control system. The actuator of a pervasive health technology is a human or a set of humans spatially close to the patient and able to ensure, upon request, the execution of a task which requires the use of the health technology.
In the case of very young diabetic patients, the actuator may be a teacher trained to measure the child's glycaemia level and communicate it by telephone to his/her parents. More often the actuators are the parents themselves, who are required to undertaken direct management of all the care instruments.
1 and my husband had to be ready to go and give the insulin at the nursery school. If the teachers called both of us had to be able to give the injections. Actuators may change over time, and in the long period they may lose importance as the patient is able and allowed to manage the instrument by him/herself.
The first year when 1 had glycaemia spikes 1 called my mother or father to give me the insulin. Since 1 got the microinfusor there's been a change of management. 1 now do it on my own.
IV.
THE INVISIBLE WORK OF PERV ADING SPACES WITH HEAL THC ARE TECHNOLOG IES
The technical objects necessary to deliver forms of pervasive care do not appear by magic in domestic spaces, in hospitals, or in the jacket pockets of patients. V.
CONCLUSIONS AND LIMIT A nONS
In this paper we have focused on the invisible work necessary for the pervasive management of health. Drawing on experience acquired during research on the forms of management of type-l diabetes among children of school age, we have shown that pervasiveness is not an intrinsic property of technological instruments but is instead the performative result of action by spokepersons, negotiators and actuators.
This fmding invites reflection on the fact that pervasiveness is a temporary accomplishment realized through the construction of hybrid networks of norms, actions, technological instruments, and human actors. This paper is based on analysis of a specific condition whose validity is restricted to the context observed.
Extension of the paper's findings would require further research in other contexts and on other technologies.
